R6sume -On d i s c u t e l e s c a r a c t g r i s t i q u e s d e s r e a c t i o n s i n d u i t e s p a r d e s i o n s l o u r d s s a n s p a r a l l b l i s m e d i r e c t avec l e s r e a c t i o n s i n d u i t e s par d e s p r o j e c t i l e s 16gers. La forme d e s noyaux hautement e x c i t e s e s t d i s c u t e e B c e s u j e t , En o u t r e , on p r g s e n t e des exemples d'app l i c a t i o n en s p e c t r o s c o p i e n u c l e a i r e d e s r e a c t i o n s i n d u i t e s par d e s i o n s lourds.
A 3 s t r a c t -S p e c i f i c f e a t u r e s of heavy i o n r e a c t i o n s , which have not d i r e c t p a r a l l e l i s m i n t h e r e a c t i o n s w i t h l i g h t p r o j e c t i l e s i s discussed. I n t h i s connection, t h e shape of nuc l e i a t high e x c i t a t i o n i s discussed. Also examples of t h e use of heavy i o n r e a c t i o n s f o r nuclear spectroscopy a r e given.
Reactionsbetween heavy n u c l e i , o r more p r e c i s e l y , between complex n u c l e i r e v e a l many i nt e r e s t i n g f e a t u r e s and r e c e n t l y very much a t t e n t i o n h a s been p a i d t o t h e study of t h e so-called heavy i o n r e a c t i o n s from various p o i n t s of view. Actually, t h e h i s t o r y of a c c e l e r a t i o n of heavy i o n s i s not s o new. For example, very high energy 12C i o n s had been a c c e l e r a t e d by cosmic r a y p h y s i c i s t s i n Chicago a l r e a d y twenty years ago [I 1 . Strangely enough, not much a t t e n t i o n was paid t o t h e beam except f o r c a l i b r a t i o n of n u c l e a r emulsions. Probably, we were not s o well prepared t o b e i n t e r e s t e d i n such e x t r eme novelty.
The reason why one i s i n t e r e s t e d i n heavy i o n physics s o much seems t o be due t o t h e f a c t t h a t we have now c e r t a i n ways t o look a t t h e phenomena.
One can a t l e a s t c l a s s i f y phenomena well enough t o o r g a n i z e s e s s i o n s . -l i k e Coulomb e x c i t a t i o n , one nuc l e o n t r a n s f e r , two nucleon t r a n s f e r , e l a s t i c s c a t t er i n g , o p t i c a l model parameters, and s o on. Those conr i n g with heavy i o n r e a c t i o n s . The extension of a concept developed i n nucleon-nuclear c o l l i s i o n t o heavy i o n c o l l i s i o n o f t e n seems r a t h e r t r i c k y and problematic, a t y p i c a l example is probably t h e opt i c a l p o t e n t i a l i n heavy ion collisions.How f a r can one push c e r t a i n concepts and how f a r can one parametrize a phenomenon without being t o o muchc r i t i c i z e d i s already a bold experiment.
S i n c e I am n o t an e x p e r t i n n e i t h e r of t h o s e e s t a b l i s h e d d i r e c t i o n s , I should r a t h e r not
review t h e development of t h o s e main l i n e s which, I am s u r e , most of you a r e a l r e a d y f a m i l i a r with, but r a t h e r l i k e t o look a t two problems connected with t h e heavy i o n r e a c t i o n s i n which I have my own problems and then, f i n a l l y , j u s t i n order not t o b e a snob, I ' d l i k e t o show you t h e usefulness of heavy i o n r e a c t i o n s a s a s p e c t r o s c o p i c t o o l : an example t h a t one can use a t o o l even without unders t a n d i n g t h e p r e c i s e f u n c t i o n i n g of t h i s tool.
I1 -DIRECT PROCESSES
e e p t s a r e well defined and one can a t l e a s t t a l k about v a r i o u s parameters and t h e i n t e r p l a y between Typical d i r e c t processes a r e t h e e l a s t i c v a r i o u s mechanisms. s c a t t e r i n g , t h e Coulomb e x c i t a t i o n a m f~t r a n s f e r Indeed, t h e f a c e of heavy i o n r e a c t i o n s r e a c t i o n s , They a r e by now w e l l parametrized i n t h e i s very many-sided. W e c a n s e e almost every "phys t a n d a r d way a s used i n l i g h t i o n physics. sics1' developed with l i g h t e r p r o j e c t i l e a l s o occurArticle published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1972508
T h e r e a r e , however, t w o new p r o c e s s e s which are more c h a r a c t e r i s t i c of heavy i o n c o l l is i o n s b u t n o t so w e l l s t u d i e d , a n d I s h o u l d l i k e t o d r a w y o u r a t t e n t i o n on them. T h e f i r s t is what we m i g h t C a l l t h e s c a t t e r i n g v i b r a t i o n a l s t a t e and c o r r e s p o n d s t o t h e g i a n t r e s o n a n c e i n nucleon-nuc l e a r c o l l i s i o n s .
I f t w o h e a v y i o n s c o l l i d e e a c h o t h e r a n d i f we assume t h a t t h e v i s c o s i t y of n u c l e a r m a t t e r i s s m a l l , t h e r e i s a c h a n c e t h a t t h e compound s y stern comes back t o t h e i n c i d e n t c h a n n e l and c a u s e s e l a s t i c s c a t t e r i n g . W e c a n i m m e d i a t e l y g u e s s t h a t t i o n s " [ 4 ] . P a r a l l e l t o t h e s h e l l model t h e o r y of n u c l e a r r e a c t i o n s we assume t h e c o l l e c t i v e p o t e nt i a l t o b e n o t a s i m p l e h a r m o n i c o s c i ' l a t o r b u t a f i n i t e w e l l -n a t u r a l l y t h e c o o r d i n a t e s a r e n o t x , y , z of t h e p a r t i c l e b u t c o l l e c t i v e c o o r d i n a t e s ( a ) a n d t h e q u a n t a a r e bosons. Now, p e r m a n e n t i o s c i l l a t i o n s are n o t a l l o w e d and c o r r e s p o n d i n g t o t h e s c a t t e r i n g n u c l e o n s t a t e , t h e s c a t t e r i n g v i b r at i o n a l s t a t e s a p p e a r . R e f i n e m e n t of t h e t h e o r y i nc l u d i n g i n t e r a c t i o n of t h o s e b o s o n s w i l l l e a d t o t h e s p l i t t i n g of t h e s i m p l e s c a t t e r i n g v i b r a t i o n a l s t a t e s t o t h e doorway s t a t e s .
s u c h compound elastic c h a n n e l is s m a l l b u t i n c e r -I t would b e v e r y i n t e r e s t i n g i f t h e w i d t h t a i n c a s e s it may n o t b e i g n o r e d . T h e g r a z i n g c o l l io f t h o s e i n t e r m e d i a t e r e s o n a n c e s c o u l d b e e s t i m a t e d . s i o n o f two h e a v y i o n s may b e r e g a r d e d i n t h i s way B u t i t w i l l n o t b e s o e a s y . W e c o u l d , however, s i n c e t h e d e p e n d e n t i m a g i n a r y o p t i c a l p o t e n t i a l l o o k a t e x p e r i m e n t a l r e s u l t s and see i f t h e r e arc a b o v e h a s some c r i t i c a l L e x p e c t e d t o be small. a n y phenomena which may b e tlie i n d i c a t i o n o f s u c h A c t u a l l y , t h e most i n t e r e s t i n g c a s e i n c a l l e d u s u a l l y t h e s h e l l model t h e o r y o f n u c l e a r r e a c t i o n s . I n t h i s t h e o r y b o t h bound s t a t e s and s c a tt e r i n g s t a t e s o f s i n g l e n u c l e o n s i n a f i n i t e w e l l are c o n s i d e r e d a n d b o t h bound l e v e l s a n d s c a t t e r i n g l e v e l s are o b t a i n e d a f t e r t h e i n c l u s i o n o f r e s i d u a l i n t e r a c t i o n s . T h e r e s u l t i s t h e a p p e a r a n c e o f t h e doorway states or i n t e r m e d i a t e s t r u c t u r e which g i v e f i n e s t r u c t u r e t o t h e g i a n t r e s o n a n c e , namely a s i n g l e n u c l e o n s c a t t e r i n g state. I n t h i s d e s c r i p - start w i t h j u s t a n o p p o s i t e d e s c r i p t i o n which we m i g h t c a l l " c o l l e c t i v e model t h e o r y of n u c l e a r r e a ca n a r r o w doorway s t a t e . The most s u s p i c i o u s c a n d i -
d a t e i s t h e o l d Bromley m o l e c u l a r s t a t e : a n a r r o w and low s p i n s t a t e w;lose o u t g o i n g c h a n n e l s show d e f i n i t e s i g r s o f c o r r e l a t i o n .

A n o t h e r p o s s i b i l i t y of i n v e s t i g a t i n g s u c h collective modes i n h i g h e x c i t a t i o n may b e c o n s i d e -
r e d a g a i n f r o m t h e a n a l o g y t o t h e n u c l e o n -n u c l e a r c o l l i s i o n . T h e l o o s e c o u p l i n g i n t h e d e s c e n d i n g o r d e r o f h i e r a r c h y of l p , 2 p -l h ... i s s e e n i n t h e e x i s t e n c e o f t h e pre-compound d e c a y i n t h e n u c l e o nn u c l e a r c o l l i s i o n even i n t h e r e g i o n s where t h e n a rrow r e s o n a n c e i n t h e i n g o i n g c h a n n e l is a l r e a d y smeared o u t .
I n t h e c a s e o f h e a v y i o n c o l l i s i o n t h e r e a r e d e f i n i t e l y i n d i c a t i o n s t h a t compound e l a s t i c i s h i g h e r t h a n t h c s t a t i s t i c a l v a l u e . B u t t h i s may b e & l e t o h i g h e r s p i n p a r t w i t h low w . A more i n t er e s t i n g o b s e r v a t i o n would b e t h a t of a pre-compound gamma d e c a y , which s h o u l d h a v e r a t h e r l a r g e cnhancement if s u c h s c a t t e r i n g v i b r a t i o n a l s t a t c i s n o t i m m e d i a t e l y damped. Comparison o f (p,Y ) , (a,\')
( 1 1 1 ,~) a t t h e same e x c i t a t i o n a n d same i n p u t angul a r momentum s h o u l d b e h i g h l y i n t e r e s t i n g .
T h e s e c o n d c a t e g o r y of t h e p r o c e s s e s which was n o t much d i s c u s s e d i s a p r o c e s s i n which two i o n s t o u c h e a c h o t h e r b u t d o n o t f o r m compound
n u c l e u s . The s u p e r h i g h e n e r g y r e a c t i o n w i t h m u l t i GeV is n a t u r a l l y o n e e x a m p l e b u t also e v e n a t low e n e r g i e s h i g h a n g u l a r momentum h i n d e r s t h e s y s t e m t o form compound n u c l e u s . W e s h a l l d i s c u s s t h i s p r o c e s s t o g e t h e r w i t h t h e compound n u c l e u s format i o n i n t h e n e x t s e c t i o n . 
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I 1 1 -COMPOUND PROCESSES T h e r e i s n o d o u b t t h a t t h e o r d i n a r y t y p
e c a u s e o f t h e f a c t t h a t t h e h i g h a n g u l a r pomentum c o l l i s i o n c a n n o t l e a d t o t h e f o r m a t i o n o f t h e compound n u c l e u s . T h e r a t i o of m e a s u r e d compound c r a s s s e c t i o n t o t h e v a l u e ( 1 ) i s a v e r y i n t e r e s t i n g q u a n t i t y . I s h a l l d i s c u s s i t somewhat more i n det a i l i n t h e n e x t s e c t i o n . b u t r a t h e r a g a i n f r o m t h e s t a b i l i t y c a l c u l a t i o n of
t h e total system. T h e s t a b i l i t y c a l c u l a t i o n of a r o t a t i n g l i q u i d d r o p h a s been a c l a s s i c a l a s t r o p h y s i c a l problem. T h e o b l a t e s h a p e o f t h e s u n may b e c a l c u l a t e d by t a k i n g i n t o a c c o u n t t h r e e e n e r g i e s -s u r f a c e e n e r g y , r o t a t i o n a l e n e r g y a n d t h e g r a v i t a t i o n a l energy. Such e q u i l i b r i u m s h a p e c a l c u l a t i o n may b e t r a n s f o r m e d f o r d i s c u s s i n g t h e r o t a t i n g n u c l e i j u s t by c h a n g i n g p a r a m e t e r s a n d c h a n g i n g t h e s i g n o f t h e g r a v i t a t i o n a l energy.
T h e c a l c u l a t i o n was d o n e t e n y e a r s a g o by Cohen, P l a s i l a n d S w i a t e c k i [ 5 ] . -They f o u n d t h a t f o r s l o w r o t a t i o n , a l l s t a r s , l i g h t n u c l e i , a n d heavy n u c l e i p r e f e r o b l a t e s h a p e b u t when t h e angular momentum is i n c r e a s e d , t h i s s h a p e becomes una t a b l e a n d , i n heavy n u c l e i g o e s o v e r t o f i s s i o n .
S t a r s , a n d l i g h t n u c l e i , however, g o f i r s t o v e r t o r o t a t i n g e l l i p s o i d t h e n later t o f i s s i o n . R e c e n t l y , a v e r y i n t e r e s t i n g e x p e r i m e n t t o see t h e l i m i t o f t h e a n g u l a r momentum was r e p o r t e d by P U h l h o f e r and Diamond [6]. The g e n e r a l b e h a v i o u r is r e p r o d u c e d a l t h o u g h t h e e x p e r i m e n t a l c r o s s s e c t i o n i s s m a l l e r . W e c o u l d t h i n k o f v a r i o u s r e a s o n s b u t o n e of them nlav b c t h e f a c t t h a t t h e t h e o r e t i c a l v a l u e u s e s t h e T h e c o n s i d e r a t i o n s g i v e n i n t h e p r e v i o u s
s u r f a c e t e n s i o n p a r a m e t e r o b t a i n e d f r o m t h e g r o u n d s e c t i o n l e t u s s u s p e c t t h a t t h e r e must b e some p r es t a t e which c o u l d b e l a r g e r t h a n t h e v a l u e f o r t h e compound phenomena i n heavy i o n r e a c t i o n s . i s s t i l l much f a s t e r t h a n t h e m u t u a l v e l o c i t y of i o n s a t t h e c o l l i s i o n . T h i s w i l l a s s u r e t h e ccmst a n c y o f t h e d e n s i t y o f n u c l e a r m a t t e r , t h a t i s , t h e r a t h e r w e l l d e f i n e d i n s t a n t a n e o u s s h a p e w i t h c o n st a n t volume. T h e r e f o r e , i t is e x p e c t e d t h a t a t f i r s t t h e n u c l e u s i s moving r a t h e r l i k e a n amceba, which w i l l e n h a n c e t h e e m i s s i o n p r o b a b i l i t y of l a r g e r o b j e c t t h a n a -p a r t i c l e s . A l s o t h e r e may b e e f f e c t s o n t h e e f f e c t i v e Coulomb b a r r i e r f o r p r o t o n a n d a l p h a p a r t i c l e s . calc u l a t i o n f o r n u c l e i i s t h e f a c t t h a t i t is a complet e l y c l a s s i c a l c a l c u l a t i o n . T h e r e f o r e , a t l o w e r f r eq u e n c i e s o n e g e t s r o t a t i o n a r o u n d t h e symmetry a x i s which i s t r i c k y t o i n t e r p r e t e i n quantum mechanics.
How f a r we c a n u s e t h e a n a l o g y between t h e r o t a t i o n of t h e s u n a n d t h e s t a r becomes p r o b l e m a t i c . The o n l y way t o u n d e r s t a n d t h e a n g u l a r mmmentum a r o u n d
t h e symmetry a x i s i s t o g i v e t h e a n g u l a r momentum t o t h e s i n g l e p a r t i c l e s r a t h e r t h a n t h e t o t a l r o t at i o n , which i s m e a n i n g l e s s i f t h e r e i s symmetry a r o u n d t h e a n g u l a r momentum a x i s .
T h i s p r o b l e m is a c t u a l l y n o t f i c t i t i o u s b u t l i e s v e r y c l o s e t o o u r e x p e r i m e n t a l l a b o r a t o r i e s . We h a v e s e e n a s e r i o u s d i s t u r b a n c e t o t h e r o t a t i o n a l
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H. MORINAGA ground s t a t e band of r a r e e a r t h n u c l e i a t I = 14 t o 20 [ € ! I . R e c e n t l y , t h e r e was a small meeting i n
Stockholm, where t h k s phenomenon was t h o r o u g h l y d i s c u s s e d . The i n t e r p r e t a t i o n is n o t unique and
t h e r e a r e two l i n e s of t h e o r i e s , namely, one i s t o assume b r e a k i n g of one p a i r [9] and t h e o t h e r a s s umes t o t a l d i s a p p e a r a n c e of t h e p a t r i n g c o r r e l a t i o n
[lo]. Anyway, i t seems t o u s t h a t a f t e r a n g u l a r momentum o f 14 o r 2 0 , t h e p a i r g e t s broken. T h i s phase t r a n s
i t i o n , however, d o e s n o t c o r r e s p o n d t o any p h a s e t r a n s i t i o n i n t h e c l a s s i c a l c a l c u l a t i o n and
s h o u l d t a k e p l a c e b e f o r e t h e c l a s s i c a l phase t r a ns i t i o n . Kumar c a l c u l a t e s 3 and P a s a f u n c t i o n of I and o b s e r v e s a sudden i n c r e a s e of P a t t h e t r a ns i t i o n ( I = 1 4 ) and a t t h i s p o i n t 5 d e c r c a s e s 111 1.
T h i s s u g g e s t s a t r a n s i t i o n from a p r o l a t e t o a more o b l a t e shape. I f i t goes immediately t o t h e o b l a t e s t a r , i t i s s t i l l a problem. Experiment t o s e e t h e Y r a s t s t r u c t u r e and t h e gamma t r a n s i t i o n s i n t h i s r e g i o n should b e e x t r e m e l y i n t e r e s t i n g . V -HIGH SPIN STATES IN LIGHT NUCLEI J u s t f o r comparison, t h e p r o p e r t i e s of h i g h s p i n s t a t e s i n l i g h t n u c l e i is i n t e r e s t i n g and i n s t r u c t i v e . A c a s e w e l l s t u d i e d both e x p e r im e n t a l l y and t h e o r e t i c a l l y , i s t h e ground s t a t e band of 2 0~e . Although t h e r e e x i s t s some d i s c r epancy of t h e o p i n i o n i n t h e c a s e o f t h e s t r u c t u r e of t h e 8' s t a t e [ 1 2 ] , we might t e n t a t i v e l y t a k e t h e l o w e s t 8' as a member of t h e ground band. Both t h eo r e t i c a l l y and e x p e r i m e n t a l l y , E2 t r a n s i t i o n prob a b i l i t i e s d e c r e a s e C o n s i d e r a b l y a s t h e s p i n i s i n c r e a s e d . And a c c o r d i n g t o t h e c a l c a l a t i o n of Arima [13], t h e deformation deduced from t h e E2 t r a n s i t i o n p r o b a b i l i t y assuming a c i g a r s h a p e dec r e a s e s i n t h e h i g h e r member of t h e band, which i s o p p o s i t e t o what i s expected from energy spac i n g s t h a t show t h e i n c r e a s e of moment of i n e r t i a . I t i s s i m i l a r t o t h e tendency i n heavy n u c l e i and s u g g e s t s t h a t t h e r e a r e some s i m i l a r p h y s i c s behind t h e s i t u a t i o n s a l t h o u g h i n l i g h t n u c l e i we c a n n o t t a l k a b o u t t h e p a i r i n g c o r r e l a t i o n . I t i s i n t e r e s t i n g , i n t h e c a s e of ON^, t o look a t t h e m i c r o s c o p i c a l wave f u n c t i o n . The l o -
wer s t a t e s o+, 2 + , 4+ c o n t a i n l a r g e m i x t u r e of s , d , which is e s s e n t i a l f o r a c i g a r s h a p e deformation.
B u t h i g h e r s p i n s t a t e s c o n t a i n no s componentswhose i n t e r f e r e n c e i s e s s e n t i a l t o c a u s e t h e deformation. F o r example, t h e 8+ s t a t e i s a c o m p l e t e l y s t r e t c h e d s t a t e w i t h o u t s , which means t h a t t h e a n g u l a r momentum i s a l i g n e d t o t h e Z a x i s . That i s , t h e angul a r momentum i s a l o n g t h e symmetry a x i s and t h i s is
a pancake h i g h a n g u l a r momentum s t a t e b u t no c o l l e c -
t i v e r o t a t i o n . T h i s s i t u a t i o n c a u s e s t h e r e d u c t i o n
of t h e E2 t r a n s i t i o n p r o b a b i l i t y .
VI -NUCLEAR RING R o t a t i n g s t a r s , h i g h e r s p i n s t a t e s i n heavy n u c l e i and a l s o h i g h s p i n s t a t e s i n l i g h t n u c l e i s u g g e s t t h e need t o c o n s i d e r m o b l a t e object
where a n g u l a r momentum is p a r a l l e l t o t h e SYmmetry a x i s . A l s~ t h e q u a l i t a t i v e s u c c e s s of t h e C.P.S.
c a l c u l a t i o n shows t h a t a t c e r t a i n h i g h a n g u l a r momentum t h e n u c l e i may have a sun shape. How t h e t r a n s i t i o n from one s t r u c t u r e t o a n o t h e r t a k e s p l a -
c e may be c o m p l i c a t e d . T h e r e f o r e , we might f i r s t t r y t o d e s c r i b e a high s p i n o b l a t e s t a t e ( n o t r o t at i o n a l -b u t r o t a t i n g i n a c l a s s i c a l s e n s e ) . I n N i l s s o n ' s scheme we t a k e t h e o b l a t e s i d e and we t ak e a t h r e e dimensional p l o t (E,6,m) . Then i f we l o o k a t t h e diagram of (E,m) f o r f i x e d n e g a t i v e
6 i t w i l l be a s shown i n F i g . 1 .
F i g ? . The Nilsson diagram
The extreme c a s e of l a r g e d e f o r m a t i o n i s l i k e Fig.2 . Now i f t h e r e is a n a t y p e c o r r e l a t i o n we DIRSCT VS. COMPOUND PROCESSES . . .
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Fig.a : E -m d i a g r a m f o r a r i n g . i e x p e c t t h a t t h e e x t r e m e c a s e w i l l become a " n u c l e a r r i n g 1 ' whose t h i c k n e s s is t h c t h i c k n e s s o f t h e a l p h a p a r t i c l e . The n u c l e a r p o t e n t i a l is n o t a n y more t h e harmonic o s c i l l a t o r ( F i g . 3 1 , b u t i t i s a r i n g . b r t h e I $ d i r e c t i o n we must a l l o w t h e p a r t i c l e s t o b e i n d i f f e r e n t m s t a t e .
I F I G : N u c l e a r p o t e n t i a l V ( r , z,+) o f a ring-. .
. . . Of c o u r s e , t h e i n c l u s i o n o f t h e r e s i d u a l i n t e r a c t i o n w i l l c a u s e t h e p a r t i c l e t o l o c a l i z e . I t s l i m i t i s t h e c h a i n of a l p h a s . F o r a l a r g e number of a l p h a p a r t i c l e s t h e s t r u c t u r e i s n o t much d i f f e r e n t from a c h a i n except t i m t b o t h e n d s of t h e c h a i n a r e c o n n e c t e d t o make a r i n g (we o m i t t h e Coulomb e n e r g y ) . T h e
e n e r g y i s somewhat l o w e r t h a n t h a t of t h e c h a i n d u e t o t h i s c o n n e c t i o n .
Such r i n g s a r e n o t c o m p l e t e l y a j o k e .
A s much a s ' I3e i s a c h a i n ( t h e s m a l l e s t c h a i n ) 1 2 c ground s t a t e i s c o n s i d e r e d t o b c a r i n g ( t h e small e s t r i n g ) . R e c e n t H a r t r c e Fock c a l c u l a t i o n s s u g g e s t i t [14 1. T h e 6 . 0 6 MeV 1 6 0 s t a t e i s p r o b a b l y t h e n e x t r i n g [15]
. T h e c h a i n l i e s much h i g h e r ( N 1 6 MeV).
T h o s e d a t a s u g g e s t t h a t t h e r e a r e d i f f e r e n c e s of 5~1 0
MeV bctween c h a i n and r i n g . ; I n c i d e n t a l l y , s u c h a n u c l e a r r i n g w i t h f i x e d l e n g t h i s c l a s s i c a ll y s t a b l e .
Of c o u r s e , s u c h a n e x t r e m e s t r u c t u r e would n o t show up i n t h e e x p e r i m e n t s o e a s i l y a n d i f t h e r e i s a n y c h a n c e t o s e e i t , i t w i l l b c i n l i g h t n u c l e i . 2 0~e , 2 4~g a r e t h e n e x t c a n d i d a t e s and t h e c h a i n may l i e some 1 0 -2 0 M e V h i g h . But t h o s e e n e r g y r a n g e s a r e a l r e a d y b e i n g l o o k e d a t e x t e n s i v e l y .
Such r i n g s are e x p e c t e d t o h a v e more a l p h a t y p e s t r u c t u r e , j u s t l i k e c h a i n s , t h a n s p h e r e s , bec a u s e t h e r e a r e more s u r f a c e s . I s h o u l d a l s o m e n t i o n t h a t f o r a r i n g , t h e e-s f o r c e s h o u l d become h a r d l y i m p o r t a r -t b e c a u s e of t h e s h a p e of t h e n u c l e a r p o t e nt i a l . So, b e t t e r p a i r i n g o r q u a r t e t i n g i s e x p e c t e d .
Then t h c r i n g c a n h a v e a n y a n g u l a r momentum w h i l e f o r a r i n g S z 0 , 1. -Ce . L o o k i n g f o r s u c h a r i n g a t A-20 must b e a v e r y i n t e r e s t i n g e x p e r i m e n t .
VII -NUCLEAR SPECTROSCOPY WITH HEAVY ION REACTIONS Heavy i o n r e a c t i o n s g i v e u n i q u e o p p o r t un i t y f o r n u c l e a r s p c c t r o s c o p y . The m u l t i p o l e Coulomb e x c i t a t i o n g i v e s u s o p p o r t u n i t y t o r e a c h v e r y h i g h s p i n s t a t e s . T r a n s f e r r e a c t i o n s h a v e been u s e d ext e n s i v e l y d u e t o t h e i r s e l e c t i v e c h a r a c t e r . T h o s e r c a c t i o n s a r e b e i n g u n d e r s t o o d r a t h e r q u i c k l y . B u t I s h a l l n o t t a l k a b t thcm s i n c e t h e r e i s a t a l k by
George M o r i s s o n .
Somewhat more i n t e r e s t i n g i s t h e a v a i l a - H. MORINAGA r e a c t i o n and f r o m t h e a n a l y s i s of e x c i t a t i o n f u n cOne c a n m e a s u r e t h e f o l l o w i n g p r o p e r t i e s t i o n t h e y were s u c c e s s f u l t o show t h a t t h e y a r e o f t h o s e r a y s :
s t a t i s t i c a l a l p h a s t o h i g h s p i n s t a t e s whose i n t e n -1. E x c i t a t i o n f u n c t i o n s s i t i e s are f i t by Ifausex-Feschbach a n a l y s i s , T h e 
No m a t t e r what t a r g e t o n e i r r a d i a t e s w i t h
The measurements a r e u s u a l l y done w i t h w h a t e v e r beam, o n e g e t s y -r a y s . They are t h e Coulomb h i g h r e s o l u t i o n gcrmar~ium d i o d e s and t h e heavy i o n e x c i t a t i o n s o f b o t h t h e t a r g e t and beam, y -r a y s i s a d v a n t a g e o u s b e c a u s e of t h e s m a l l n e u t r o n y i e l d . f o l l o w i n g t r a n s f e r r e a c t i o n and Y-rays f o l l o w i n g
t h e e v a p o r a t i o n o f l i g h t p a r t i c l e s ( p , n , a ) from Such r i c h n e s s of t h e heavy i o n Y -s p e c t r o st h e compound n u c l e u s . I n a heavy n u c l e u s , t h e main c o p y g i v e s u s o p p o r t u n i t y t o d o v e r y much s p e c t r o smode i s t h e n e u t r o n e v a p o r a t i o n a n d t y p i c a l l y o n e c o p i c a l work w i t h i t . U s u a l l y w i t h heavy i o n s we sees t h e Y r a s t l i n e up t o some t r a n s i t i o n p o i n t . F o r Can s t u d y t h e Yrast s i d e , t h a t is t h e h i g h s p i n deformed r a r e e a r t h even-even n u c l e i t h e r o t a t i o n a l s i d e b e t t e r , b u t t h e o p p o r t u n i t y is n o t l i m i t e d t o
band i s s e e n t o some 20' or s o , t h e n a f t e r t h a t we t h e h i g h s p i n s t a t e s .
d o n o t see much. F o r l i g h t e r n u c l e i t h e c o m p e t i t i o n A s a n example, I s h a l l s ?~o w you o u r reOf t h e p or a e m i s s i o n is s t r o n g or d o m i n a n t , b u t c e n t work o n t h e l e v e l scheme o f 4 8~ [16] . T h e t h i s t e n d e n c y a l r e a d y s t a r t s a r o u n d t h e r a r e e a r t h n u c l e u s 4 8~ may be r e a 'OB e n e r g y . O r i g i n a l l y e x p e r i m e n t was p l a n n e d f o r f i n d i n g g r o u n d b a n d s o f 4 8~a a n d t h e r u n n i n g t i m e n o t t o o i m p o r t a n t t o know t h e s t r a n g e r e a c t i o n mec h a n i s m s , B u t r a t h e r t h e f a c t t h a t we see s t r u c t u r e of n u c l e i s o well, w i l l l e a d t o t h e n e x t s t e p where new i n t e r e s t i n g phenomena w i l l show up.
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